Previous researches have shown that the genus Weigela Thunb. (or Weigelia) contains ten species from Japan, China, Korea and Manchuria but many cultivars, more than 200, were produced [1] . One of them, Weigela x "kosteriana variegata" is a hybrid shrub of medium size, recognized by the green foliage edged with cream color. This genus belongs to the Caprifoliaceae family, subfamily Diervilloideae according to the APGIII classification [2] . Three species, Weigela hortensis [3] , W. subsessilis [4] and W. stelzneri [5] , were already described as a source of oleanane-type glycosides. We decided to realize the phytochemical study of W. x "kosteriana variegata", to add some chemotaxonomic data about saponins from the genus Weigela and from the Caprifoliaceae family too.
In this paper, we report the extraction, isolation, and structure elucidation of one previously undescribed triterpene glycoside from an aqueous ethanolic extract of the roots, together with three known ones. Their structures were mainly determined by spectroscopic methods including 1D and 2D NMR experiments ( 1 H, 13 C, COSY, TOCSY, NOESY HSQC and HMBC) in combination with HRESIMS, and by comparison of their spectral data with literature values.
The saponins have been widely reported as cytotoxic compounds in several in vitro models [6, 7] . In the majority of cases, while structure elucidation process was the main focus of the research, cytotoxic activity tests were performed as additional part of experimental studies. Although many novel bioactive molecules have also been identified using zebrafish model screens [8] . Several zebrafish-based studies of triterpene glycosides have been reported as the study of the effects of Quillaja saponins on early embryonic zebrafish development [9] and the in vivo cardiotoxicity induced by sodium aescinate in zebrafish larvae [10] . Zebrafish (Danio rerio), is an important and widely used vertebrate animal model system in scientific research. In recent years, it has been demonstrated that this animal model is very useful to screen compounds for teratogenicity, cardiotoxicity, neurotoxicity, hepatotoxicity, nephrotoxicity, and genotoxicity [11] . We present in this paper the isolation and characterization of three oleanane-type glycosides 1-3 from W. x "kosteriana variegata", and their toxic and teratogenic effects determined in an in vivo zebrafish assay. The effects of different concentrations of 1-3 were examined with respect to lethality and changes in morphology during the first 72 h of zebrafish development according to Pruvot et al., 2012 [12] . The aqueous ethanolic EtOH-H 2 O (75:35) extract of the roots was subjected to multiple chromatographic steps by vacuum liquid chromatography (VLC) and successive medium-pressure liquid chromatography (MPLC) on normal or reversed phase silica gel yielding four saponins (1) (2) (3) (4) (Figure 1 [14] , and extensive 2D NMR analysis, allowed the full identification of the sugar units as
The linkages between these six sugars were established using mainly HMBC and NOESY spectra (S1). The HMBC correlation On the basis of the above results, the structure of 1 was elucidated [5] and Scabiosa tschiliensis [15] may represent a chemotaxonomic marker of this family.
Since triterpene saponins from Quillaja saponaria were reported to be lethal to zebrafish at a concentration > 10 g/mL in a zebrafish embryo assay [9] , we evaluated compounds 1-3 for their toxic and teratogenic effects by using a standard toxicological assay with the zebrafish model system [12] . The effects are performed by continuous exposure of the embryos to the test compounds starting at the earliest possible stage (2-3 h post-fertilization (hpf)). The major developmental events (eyes formation, heart-beat, blood circulation) take place during the first 48 hours of development. The third day of zebrafish development is critical for organogenesis in the developing larvae. We decided to evaluate the effects after exposure of the larvae from 48 to 72 hpf. We investigated whether exposure between 48 and 72 hpf would lead to morphological abnormalities. We tested each compound at 6 defined concentrations (1M, 1.25 M, 1.5 M, 2M, 2.5 M, 3 M). The results are reported on the curves of Figure 2 . Zebrafish embryos exposed to 3 % ethanol were positive controls (100 % embryonic death). Survival rates were first analyzed at 72 hpf for several concentrations and LC50, LC10 (lethal concentrations), and EC50, EC10 (morphological defect concentrations) were determined for each compound and are presented in Table 2 . Compound 2 and 3 appear to induce similar (LC50 = 1.277 M vs 1.299 M) toxicity and compound 1 was less active (LC50= 2.855 M).
The values of LC and EC were calculated with the percentage of survival larvae in function of the tested concentration log resulting in sigmoid curves of dose-response type (see experimental). The calculated results (log EC and log LC) and the corresponding standard deviations are reported in Table 3 and confirmed that the lethal effects were observed for the three compounds, compounds 2 and 3 being more toxic than 1. In order to prove the role of the triterpenoid aglycone in the toxicity, another type of glycoside was tested. A phenolic one was chosen in the glycosides Oleanolic acid glycosides from Weigela x "kosteriana variegata Natural Product Communications Vol. 13 (4) 2018 405
library of the laboratory, named loroglossin (2R,3S)-1-[p-(-Dglucopyranosyloxy)benzyl]-4-[p-(-D-glucopyranosyloxy)
benzyl]-2-isobutyltartrate [16] , and was thus evaluated. No toxicity was observed underlying the importance of the triterpenoid structure of the aglycone (Figure 2 ). To assess the developmental effects caused on the larvae, embryos were treated with several concentrations of compounds 1-3 at 48 hpf and evaluated 1 day later (72 hpf) in the survived larvae for occurrence of morphological alterations indicative of a cardiotoxicity such as pericardial edema, hemorrhage, pericardial edema and hemorrhage. Curvature of the larvae and developmental defects were also assessed. The results of observed morphological defects are presented as percentages in Table 4 , and graphically in S2. The observed defects appear in the images of S3. Compound 1 exposure did not cause significant morphological defects since it was shown to induce pericardial edema in 50 % of the larvae at 2 M to 39±26% at 3 M, whereas 2 induces this defect in 43±28 % of the larvae at 1 M to 44±24 % at 1.25 M and 3 in 25±33 % at 1.25 M to 20±20 % at 1.5 M. The compound, which induces most hemorrhages, was compound 2 with 50±33 % at 1 M and 19.45±12 % at 1.25 M v/s 1 with defects from 5.56 ±7 % at 2.5 M to 9.52±12 % at 3 M. Pericardial edema and hemorrhages were also in the same order, compound 2 inducing the most important percentages of defects in 25±44 % to 50±22 % of the larvae at concentrations ranging from 1.125 to 1.5 M. Similar concluding remarks were observed for 50±33 % of observed larvae which presented curvature after exposure to compounds 2 and 3 at 1 M and 1.5 M respectively.
In conclusion, compounds 2 and 3 cause more lethality and significant morphological defects at the tested doses such as a cardiovascular toxicity to the zebrafish larvae than compound 1.
Further experiments with a higher number of tested saponins will be useful for a structure/activity relationship study and the exploration of the toxic mechanism of saponins in zebrafish. However, these results showing a lethal effect at low concentrations of three monodesmosidic saponins are in good agreement with literature data showing that monodesmosidic saponins were more cytotoxic than the bidesmosidic ones, and highlighting the presence of an oligosaccharidic chain at C-3 of an oleanane-type aglycon [5, 7] .
Experimental

General experimental procedures:
For spectroscopic and chromatographic data see ref [17] . Thin-layer chromatography (TLC, Silicycle) and high-performance thin-layer chromatography (HPTLC, Merck) were carried out on precoated silica gel plates Acid hydrolysis and GC analysis: See ref [5, 14] .
3-O--D-xylopyranosyl-(1→4)-[-D-glucopyranosyl-(1→3)]--Dxylopyranosyl-(1→4)--D-xylopyranosyl-(1→3)--L-rhamnopyranosyl-(1→2)--L-arabinopyranosyloleanolic acid (1)
White amorphous powder.
[ Zebrafish lines and maintenance: Zebrafish were maintained in a re-circulating aquaculture system (Müller & Pfleger, Germany). Photoperiod was 14 L:10D (light: dark), and the mean ranges for conductivity, pH, and temperature in the system were 600-700 µS, 6.0-8.0, and 26-28°C, respectively. Experiments were performed using the wild-type line WIK (ZIRC). Eggs were collected within one hour of laying and kept at 28°C in Petri dishes containing source water (Volvic, France) supplemented with 0.3 µg/mL of methylene blue.
Ethics statement: All experiments were executed in strict accordance with the European Council Directive (2010/63/EC). According to the EU Directive on the protection of animals used for scientific purposes (2010/63/EU) and the Commission Implementing Decision (2012/707/EU), fish are non-protected animals until the stage of free feeding; this limit was set at 120 hours post fertilization (hpf) for zebrafish. No specific ethics approval was required for this project, as all zebrafish embryos used in this study were between 48 and 72 hpf old.
Drug treatments: Stock solutions of compounds 1-3 were prepared by dissolution of the pure compounds in E3 medium and then diluted to desired concentrations in E3 medium (5 mM NaCl, 0.17 mM KCl, 0.4 mM CaCl 2 , and 0.16 mM MgSO 4 ). Treatments were administered to 48 hpf zebrafish larvae distributed in pools of 20 into 6-well plates in E3 medium. Controls wells contained E3 medium. One day post-treatment (72hpf), the larvae were rinsed twice in E3 before observation. All experiments were achieved at least in triplicate on n=20 larvae per test, each experiment was performed at least three times. Survival and morphological development defects were evaluated on 48 hours and 72 hpf using an Olympus SZX10 stereomicroscope coupled with an Olympus XC50 camera. To assess teratogenicity, the surviving larvae were observed for morphological defects and the number of larvae presenting at least one morphological defect was reported as percentage of the surviving larvae. Zebrafish embryos incubated in fish water are considered as negative control and resulted in 100% survival and 1.66% teratogenicity. Zebrafish embryos exposed to ethanol are considered as a positive control for toxicity. Treatment with 2% ethanol showed 98.33 ± 2.22 % survival and 86.67 ± 2.22 % teratogenicity, whereas the treatment with 3 % ethanol resulted in 100% embryonic death. For calculation of LC50, LC10, EC50, EC10 values, the Prism software was used. Photographs were carried out on Axiozoom (Zeiss) at Cellimap platform (Dijon). Image acquisition was carried out by using the Zen program (Zeiss) and then adjusted via GIMP. 
